Producers of iron sinter need precise phase analysis for effective operation supervision. It is not enough to consider only chemical composition, but it is beneficial to know the iron sinter mineralogical composition. Producers can utilize this information for better sinter mechanical properties adjustment and sinter yield improvement. When iron ore fines under 6mm are mixed with limestone flux, recycled materials and coke breeze, and are heated to about 1250°C the iron sinter is obtained. Produced iron sinter is in partial melting of mixture porous, but physically strong enough heterogeneous material, in which the iron bearing minerals are bonded together by range of different phases, where complex ferrite phases are very well known as SFCA (Silico-Ferrite of Calcium and Aluminum). Sinter is used as feed material for blast furnace. Using X-ray diffraction method and Rietveld method in the TOPAS program, the existing phases were identified both qualitatively and quantitatively.
Introduction
The quality properties of sinter are dependent on mineral structure of sinter. The phase formatting during process of iron ores sintering might finally improve mechanical or metallurgical properties of final product -sinter. The reactions originating in sintering have been studied in laboratory conditions but these results are quite different from operational conditions. Many recycled materials used in sinter mixture (i.e. sludge, flue dust, slag, mill scale) significantly influenced mineral structure of sinter. Mechanical strength, degradability during reduction at 1200°C, reducibility at high temperature is greatly dependent on mineral compounds. There are various types of iron ores traded in the international market. The iron ores and iron concentrates are blended and composition of the blending iron bearings materials influenced the sinter quality [1] . In the sinter bed, many reactions could take place between the major ore constituents: Fe-oxides, CaO, MgO, SiO 2 , Al 2 O 3 and minor constituents usually present in more or less complex forms. The reaction takes place in oxide-reduction conditions at temperatures from 1200 to 1600°C. Various defects exist on the surface or inside of the sinter cake. Cracks are propagated under the action of external forces and ambient media, which finally lead to the breaking and cracking of the sinter cake. It was observed that calcium ferrite, FeO are a major factor influencing crack resistance of sinter. The crack length in various structures can be measured using optic microscope. It is known that the strength, reducibility, sinter size distribution, sinter yield are determined by the inherent strength of the bonding phases present at the structure of sinter. The high temperature reducing property is controlled by the micro pores sinter structure, while the sinter strength is determined by the macro pore sinter structure. Pore structure of sinter has to be optimized for improving reducibility, cold strength, reduction sinter degradation and improving low softening properties. In addition, volumetric change accompanying the phase transformation of crystalline hematite to magnetite is responsible for reduction degradation of sinter [2] . Individual raw materials (iron ores and concentrates) required blending prior to the sintering operation; to this ore part of mixture are added some flux materials, coke and return dust, sludge. Mixture is transported from the beds to storage bunkers. Weighing of all material is followed by mixing and moistening to enhance permeability of the sinter bed. Then, sinter mixture with micro green balls is placed in the sinter strand. The baked sinter is submitted for testing of strength and/or abrasion characteristics [3] . Complex chemical and physical processes occurred in the sintered material at high temperatures along with polymorphous transformations that determine the mechanical and metallurgical properties of sinter. Sintered particle surfaces decrease along with the free surface energy of the system, sintering is considered as irreversible process. Sintered material comes from various deposits and differs because of the chemical composition of iron bearing parts and the gangue part. During sintering, the oxidation of magnetite into hematite and also recrystallization of magnetite and hematite may occur. At high temperatures, hematite disintegration is visible. Gangue oxide reacts with each other at lower temperatures at solid state during the sinter slag formation. Solid and liquid state reactions occurred. Solid state reactions in sintering iron ore materials were studied and were determined the initial temperature of the solid state reactions in the case of unequal temperatures of particles. Calcium silicates are formed at 1300°C, iron oxides were not sintered, only the transformation of quartz to cristoballite took place [4] . During sintering, the sinter mixture is melting down, and sinter mixture chemical and physical properties are changed. The different ferritic phases are also formed, which are comprehensively marked by the abbreviation SFCA (Silico-Ferrite of Calcium and Aluminum). Although the quality of the final product is highly dependent also on these ferritic phases, the process of their creation is currently not clearly understood [5] . The effort of researchers is being focused on different parts of this process. The aim is to understand the effect of additive minerals, mixtures for improving the quality of sinters in the blast furnace reduction process [6] . For this purpose are developed also different models that contribute to the understanding of the basic physicalmetallurgical processes in the formation of ferrite phases [7] . Some authors deal in detail with the formation of dicalcium ferrite by experimental modeling [8] . Also the testing of raw materials quality, especially iron ore from various sources has a significant impact on the overall quality of sinter. By understanding the mechanism of formation of the various phases in the process of sinter making, can be achieved higher product quality, production optimization and economic savings. For this purpose, there was large amount of operating and research samples measured by X-ray diffraction. When examining sinter structural phases, some authors use high-tech equipment such as SEM and synchrotron radiation in an on-line mode using a high-temperature chamber, in which they experimentally model and verify the formation of individual ferrite crystal structures [9] . Thus a learned knowledge is very valuable and contributes to the overall understanding of SFCA formation. Studies [10] reported that sinter structure is composed of the iron oxides (40-70 vol. %), ferrites (mostly SFCA, a silicoferrite of calcium and aluminum (20-50 vol. %), glassy phases (up to 10 vol.%) and dicalcium silicates (up to vol. 10%). Some phases such as sulphides (FeS), pyroxines ((Mg, Fe) SiO 3 ), quartz and lime can be present, but in very small portion. Most of the relict particles are coarse ores (nuclei) but sometimes un-reacted lime. Generally the large particles of iron ores react partly with the surrounding melt. Some relict particles have the form of original crystal, some may present subhedral or anhedral edges due to its recrystallization, sintering the pores. The volume of relict iron ores is strongly dependent on the size of the ore particles and the sintering conditions. During the sintering process fine particles react faster they complete reaction. Coarse particles react slower with higher level of relict particles [11] [12] [13] [14] .
Macrostructure Analysis
Various defects exist on the surface or inside the sinter cake. Cracks are propagated under the action of external forces and ambient media, which finally lead to the breaking and cracking of the sinter cake, Fig. 1 . It was observed that calcium ferrite, FeO are a major factor influencing crack resistance of sinter. The crack length in various structures of sinter is possible to be measured using optic microscope. The high temperature reducing property is controlled by the micro pores sinter structure, while the sinter strength is determined by the macro pore sinter structure. The pore structure of sinter has to be optimized for improving reducibility, cold strength, reduction degradation of sinter and improving low softening properties. In addition, volumetric change accompanying the phase transformation of crystalline hematite to magnetite is responsible for reduction degradation of sinter [1, 15] .
Microstructure Analysis
Sinter specimen are mounted in epoxy resin and then vacuum impregnated. The specimens are ground using silicon carbide paper to 1000grid and polished by ¼ micron diamond paste. Sinter structure is heterogeneous and more complex, it consists of fine texture of needle-like calcium ferrites and hematite, porosity is irregular and disrupted at 1200°C. Hematite and magnetite crystals precipitate from liquid, calcium ferrites are less abundant but are forming plates at 1320°C. Oxidation is presented along the edges of some hematite crystal grains or around the cracks and pores. The glass phases between hematite along with hematite form eutectic texture [1] . The optical and electron microscope are an important tools that can be used to solve a wide range of problems in mineral processing. The principal advantage of the electron microscope is that it allows samples to be imaged with much better resolution than using the optical microscope, Fig. 2 . Typical structure of sinter is composed of magnetite, hematite and SFCA phases. In addition, electron microscopy can provide chemical composition and crystallographic information on a submicrons' level. Based on differences between heterogeneous sinter phases, optical micrographs clearly reveal two distinct phases, the bright is relict hematite or fragmented hematite surrounding with grey phase of SFCA. Fines are more reactive than coarse particles and produce more melt, which subsequently assimilates solid particles inside the melt.
SEM Images of Sinter Structure
The Scanning electron microscope (SEM) is used to examine three-dimensional objects as might be examined under an optical microscope, but with the advantages of greater magnification and more deeply of field. The SEM image is formed by scanning a finely focused electron beam across the sample, recording the coordinates of the beam and the signal generated at those coordinates. The SEM uses beam energies typically in the range of 500 eV to 30 keV. The two detectors used for SEM imaging are the secondary-electron (SE) detector and the backscatteredelectron (BSE) detector. The BSE yield is related to the average atomic number at that point on the sample so that the BSE image can reveal the distribution of phases with differing compositions. The composition of various phases can be determined using the x-ray analysis. Measurement of the characteristic x-ray intensity above background allows qualitative and quantitative chemical analysis on a submicron scale. Modern x-ray detectors can be fitted with thin entrance windows allowing detection of all elements from beryllium up through the periodic table [12] . Fig.2 Sinter structure
Fig.1 Sinter macro photo

X-Ray Diffraction Analysis
Sinter has a heterogeneous structure due to the limited diffusion during the short period at melt present. Different phases originated during the hot phase -when sinter was baked and at cooling -when the final sinter phases are formed. X-ray powder diffraction is most widely used for the identification of unknown crystalline materials (e.g. minerals, inorganic compounds). X-ray powder diffraction (XRD) is a rapid analytical technique, primarily used for the phase identification of a crystalline material and can provide information on unit cell dimensions. The analyzed material is finely ground, homogenized, and average bulk composition is determined. X-ray diffraction is based on constructive interference of monochromatic X-rays and a crystalline sample. Copper is the most common target material for single-crystal diffraction, with CuK α radiation = 1.5418Å. These xrays are collimated and directed onto the sample. As the sample and detector are rotated, the intensity of the reflected X-rays is recorded. The instrument used to maintain the angle and rotate the sample is called goniometer [13, 16] .
Experimental Material and Methods
The phase composition of sinters was measured using X-ray diffraction device with Co anode and bar detector of Meteor1D type. Samples were measured in the angle range of 10° -120° 2Theta, step 0.02 degree and time of 90 seconds. All samples were evaluated by Rietveld method, which allows to specify the diffraction record and to obtain a fairly accurate result. TOPAS program was used for refining the diffraction records. This procedure, however, requires knowledge of the crystal structures of individual phases. Information from the standard DOI 10.12776/amsc.v4.225 ISSN 1338-1660 diffraction database PDF2, in this case, is not sufficient, it is necessary to fully understand the crystal structure, access to PDF4, COD or AM American mineralogical database. For identification of produced sinter properties was used macroscopic methodology and microscopics methodology, XRD analysis with Rietveld method. More than 120 samples of sinters, sinter mixtures, individual iron ores and concentrates were analyzed. Iron bearing materials were analyzed in delivered state and samples of sinter represent both laboratory prepared samples and sinters produced in real operation. Samples measured by X -ray diffraction method must be isotropic; therefore they are prepared in the form of fine powders. The optimum powder has particle size of about 10 microns.
Experimental Device
The X -ray diffraction analysis of the investigated materials was done using versatile analytical device URD 3003PTS Seifert, which besides the phase analysis allows measurement of residual stress and texture of steel sheets. Wavelength can be changed by selecting the appropriate Xray tube -Mo, Cu, Co or Cr. For phase analysis the geometrical goniometer is arranged to bar focal point, and the rapid measurement is done using bar detector type Meteor1D. With this detector, the measurement takes about 15 to 20 minutes. Measured diffraction record is processed and evaluated using packages of programs of "search -match" type like DifracEVA with PDF2-2004 and COD database, and programs refining the Rietveld method like AutoQuan and TOPAS. This powerful software enables to qualitatively and quantitatively refine each measured diffraction record.
Results
The measurement included over 120 operational and laboratory samples of sinter blends and sinters [16] . Minimum, maximum and average values of weighting share of phases that were found in the measured sintered iron ore -hematite type are in Table 1 , and Identified phases in many sinters are in Table 2 . A typical diffraction record of sinter is found in Fig.1 . From the perspective of determining these phases, they can be simply divided into majority and minority phases. The wüstite, magnetite, hematite, quartz and larnite can be determined quite clearly from both qualitative and quantitative viewpoint. While other phases as hedenbergerite, srebrodolskite, grossite, brownmillerite, hatrurite, calcite, dolomite, portlandite, lime, etc., are in some cases quite difficult to establish. It is therefore necessary to take into account, in many cases, the accuracy of the mathematical procedure of "fitting" with physical metallurgical nature of formation of these crystal structures. Phases of SFCA type have a precise crystal structure given by space group with accurate grid parameters. In particular, the space group uniquely differentiates crystal structures, which have the same chemical formula, see Fig. 3 . Statistical approach was used for insuring the existing phases in the measured sample of sinters, Table 3 . Reliability the pheses presence and the precision of measurement are very good, so obtained results are voluable and authentic for the other usage and analyses.
Conclusion
Samples of iron ore and iron sinters were analyzed by XRD methodology. All diffraction records were refined by Rietveld method using TOPAS program. XRD methodology is valuable for both qualitative and quantitative analyses of iron bearing material phases identification. Well recognized phases in iron sinter are: Magnetite, Hematite, Wüstite, Qartz and Larnite.
Iron sinter consists of more than 18 phases; what depends on sinter mixture composition, temperature of sintering, sintering time and specific oxidic and local oxide-reduction conditions. The same approach is applicable for related materials like slag, sludge, dust, refractory materials.
